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JP-4  drain  samples  were  obtained  from  Army  aircraft,  tank  trucks,  and  other  points  in  the 
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unexpectedly  high  number  of  aircraft  drain  samples  (roughly  7 percent)  and  numerous  points  in 
tile  refueling  systems  showed  concentrations  far  exceeding  this  package.  Both  the  quantities  and 
chemical  nature  of  these  particulate  contaminants  indicate  that  the  AV-E-8593B  package  is 
realistic  and  representative  of  contamination  which  can  occasionally  occur  in  field  Army  operation! 
The  utilization  of  this  contaminants  package  therefore  provides  suitably  stringent  criteria  for 
bench  test  qualification  of  aviation  gas  turbine  engine  fuel  system  components 
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I.  INTRODUCTION 


Aviation  fuel  contamination  traditionally  manifests  itself  in  some  form  of  in-flight 
malfunction,  or.  at  best,  in  power  loss  or  startup  malfunction  during  ground  operations.  The 
purpose  of  all  engine/fuel  specification  requirements  is  to  minimize  the  likelihood  of  fuel-related 
incidents.  Requirements  can  become  more  severe  and  less  realistic  with  time  to  the  extent 
that  pass/fail  criteria  may  be  challenged  by  either  fuel  refiners  or  engine/component  manufac- 
turers. This  process  of  challenge  and  review  of  requirements  often  proves  beneficial  to  both 
industrial  and  military  interests  who  share  a common  goal  of  maximum  systems  performance 
at  minimum  cost. 

The  contaminant  pack- 
age for  test  fluids  used  in 
aviation  gas  turbine  engine 
component  and  systems 
qualification  testing  under 
AV-l-:-X5‘)3B  has  come 
under  some  criticism  for 
being  unrealistically  severe. 

This  in  itself  would 
not  be  grounds  for  relaxa- 
tion of  contaminant  size/ 
type  criteria  since  qualifica- 
tion testing  must  be  severe 
to  provide  accelerated 
representation  of  com- 
ponent life  expectancy.  A 
more  pertinent  and  signifi- 
cant question  is  whether  or 
not  the  AV-E-8593B  con- 
taminant package  (see 
Table  1)  is  now  repixjcuta- 
tivc  of  the  type  of  con- 
taminants encountered  in 
field  Army  aviation  opera- 
tions, since  this  package  has 
evolved  over  the  years  with 
ingredients  being  added  as  a 
result  of  specific  military 
occurrences  or  operating 
environments. 

Thus  there  is  a basis 
for  a dual  argument,  quan- 
tity and  character,  for  re- 
definition of  this  contami- 
nant test  package.  S licit 
action,  however,  should  be 
based  upon  exact 


TABU-:  I.  IUIL  CONTAMINANT  PACKAGE  FOk  AV-E-8593H 
ENGINE  COMPONENT  QUALIFICATION  TESTING 


Contaminant 

Particle  si *.t\ 
urn 

Quantity, 
g/ 100(1  (oil 

r‘crr*n» s-l^crric  Iron  Oxide 

n-5 

14  0 

( l*‘c,04.  Black  mini. 
Magnetite) 

Ferric  Iron  Oxide 

0-5 

14.5 

(Fe,0, . Hematite) 

Ferric  ii->n  Oxide 

5-10 

1.5 

(Fc,0,,  Hematite) 

(30)’ 

Crushed  Quart/. 

150-  300 

1.0 

Crushed  Quurlz 

300-  420 

1.0 

Crushed  Quartz 

420-1000 

1.75 

Crushed  Quartz 

1000-1500 

0.25 

Prepared  dirt  conforming 

Mixture  as  follows: 

(4)* 

to  A.C.  Spark  PlugCo. 

(8.0)* 

Part  No.  1543637 

0-5  (12%) 

(Coarse  Arizona  road  dust) 

5-1(1(12%) 

Cotton  (inters 

10-20(14%) 

20-40(23%) 

40-RU  (30%) 

H(l-2()()  (9%) 

Prime  cotton  linters. 

0.1 

Crude  mipthcnic  acid 

First  Cul  Staple  No.  7 
(U.S.  Department  of 
Agriculture  Grading 
Standards)  as  ground 
in  a Wiley  Mill  and  screened 
through  a 4 mm  screen 

0.03%  by  v! 

Salt  Water  prepared  by 

4 parts 

0.01%  by 

dissolving  salt  in 

by  weight  of  NaCI 

vol  entrained 

distilled  water  or  other 

water  containing  not 

96  parts 

more  than  200  parts  per 

by  weight  of  11,0 

million  of  total  solids. 

•Subtotal 
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knowledge  of  the  spectrum  of  contaminants  actually  encountered  by  Army  aircraft  under  realistic 
conditions.  A reasonable  approach  was  to  collect  representative  fuel  samples  during  both  routine 
and  intense  operational  situations.  During  May  1976-March  1977,  representatives  of  the  U.S. 
Army  Fuels  and  Lubricants  Research  Laboratory  (AFLRL)  collected  and  analyzed  some  219 
samples  from  seven  diverse  Army  aviation  activities.  One  of  these,  at  Ft.  Hood,  Texas,  may  be 
considered  more-or-less  routine,  while  the  others  were  the  sites  of  intense  training  operations.  These 
are  detailed  in  Tables  2 through  13  in  Section  IV.  In  addition  to  aircraft  samples,  it  was  considered 
pertinent  to  obtain  samples  at  key  points  in  the  fuel  supply  systems  (e.g. , underground  storage 
tanks,  tank  trucks,  railcars,  etc.). 
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II.  FIELD  SAMPLE  COLLECTION 


In  April  1976,  formal  permission  was  secured  from  Headquarters,  Forces  Command 
(FORSCOM),  Fort  McPherson,  Georgia,  to  collect  JP-4  fuel  samples  from  aircraft  and  other  fuel 
supply  points  participating  in  the  following  exercises  held  during  1976-1977: 

SOLID  SHIELD 
BRAVE  SHIELD  XIV 
BR/VE  SHIELD  XV 
REFORGER* 

GALLANT  CREW 

In  addition,  coordination  with  cognizant  authorities  at  Fort  Hood,  Texas  and  Fort  Bliss,  Texas 
resulted  in  the  securing  of  samples  from  these  two  posts  under  both  routine  and  special  training 
exercise  situations. 

Prior  to  obtaining  samples,  familiarization  with  various  helicopter  fuel  systems  was  accom- 
plished at  Corpus  Christi  Army  Depot  (CCAD),  Corpus  Chiisti,  Texas  where  the  fuel  systems  of  the 
UH-1,  AH- 1,  OH-6,  and  OH-58  were  made  available  to  AFLRL  technical  personnel,  and  aircraft 
drain  system  operations  and  mechanisms  were  explained.  Based  upon  the  knowledge  obtained 
during  tlr  familiarization  exercise,  the  following  technique  for  sample  collection  was  developed: 

(a)  Clean  around  aircraft  fuel  sump  drain  to  remove  all  foreign  matter. 

(b)  Open  sample  container  (525-ml  Nalgene  linear  polyethylene  bottle)  while  in  place  under 
sump  drain. 

(c)  Activate  drain  as  necessary  to  fill  sample  bottle. 

(d)  When  bottle  is  full,  place  cap  on  container  while  in  place  under  sump  drain  to  avoid 
inclusion  of  foreign  material. 

(e)  Record  aircraft  registration  number,  type,  sampling  point,  last  aircraft  refueling  location, 
type  of  refueling,  and  type  of  mission  flown. 

(f)  Return  sample  immediately  to  AFLRL  for  analysis. 

This  sampling  technique  was  the  procedure  used  by  AFLRL  personnel  at  all  locations. 


I 


j i 

I I 
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♦Required  coordination  with  Headquarters  USAREUR. 
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III.  LABORATORY  ANALYSIS 


Each  sample  was  analyzed  sequentially  as  follows: 

Step  I.  Visual  Inspection  (sec  Eiguro  I)  for  a general  estimate  of  the  degree  and  type  of 
contamination.  . ’ 

Step  2.  Tyndall  Cone  (see  Figure  2)  a light-scattering  technique  for  qualitative  evaluation  of 
particle  size  distribution  of  suspended  material.  A light  beam  is  projected  into  the  sample  through 
the  bottom  of  the  sample  vial.  Particle  leflcctunec  as  seen  in  a darkened  room  permits  estimation  of 
particle  size  and  degree  of  contamination.  The  type  of  filtration  required  can  be  determined. 

Step  Cascade  nitration  (see  Figure  3)  The  total  fuel  sample  is  filtered  vertically  through  a 
stacked  column  of  filter  elements  of  decreasing  porosity.  For  those  samples  deemed  relatively  clear, 
only  two  porosities.  8 and  0.45  jam.  were  used;  for  samples  having  higher  particulate  content, 
stacked  filters  of  1000.  500,  300.  102.  52.  2o.  8.  and  0.45  gin  were  used.  The  8-  and  0.45-gm  filters 
were  cellulose  acetate  and  the  others  were  nylon  mesh.  1 

Step  4.  Gravimetric  Analysis  (see  also  Figure  .V)  The  filters  were  heptane  rinsed  and  dryed.  ;j 

The  net  weight  increase  of  each  filter  was  recorded.  This,  plus  knowledge  of  each  filter's  porosity.  ■' 

resulted  in  mass  distribution  histogram  data  for  the  select  particle  size  differentials.  | 


Step  x Photninicmgraphic  Analysis  (see  Figure  4) - Filter  elements  were  examined  under  a 
microscope  (20-60X)  and  those  having  significant  contaminant  were  photographed  at  4X, 


I'lnURK  3.  CASCADE  FILTRATION  apparatus 


Fir,  UR  I-  4.  PHOTOMICROGRAPH  1C  APPARATUS 


I IGURI.  5 X-RAY  I LUORI  SCFNCI-  SPIICTROMI  TFR 


Step  6.  X-Ray  Fluorescence  Analysis 
(sec  Figure  5 >— All  filters  were  subjected  to 
energy  dispersive  X-ray  fluorescence 
analysis  (XRF),  a nondestructive  technique 
for  elemental  assay.  Virtually  all  elements 
can  be  quantitatively  identified  by  XRF. 
The  significant  elements  detected  were 
iron,  aluminum,  silicon,  phosphorus,  sulfur, 
calcium,  chromium,  titanium,  copper,  and 
zinc.  From  the  distribution  of  these  ele- 
ments, estimation  of  the  niineralogical  and 
metallic  makeup  can  be  made  which  facili- 
tate continuation  by  more  sophisticated 
methods. 


Step  7.  X-Ray  Diffraction  Selected  contaminant  materials  were  removed  from  some  of  the 
filters  and  analyzed  by  X-ray  powder  diffractometry.  The  diffraction  patterns  were  compared  to 
ASTM  powder  data  file  standards.  Compound  composition  and  crystalline  structure  were  then 
determined. 


Figure  6 presents  a flow  schematic  for  the  above  analysis  sequence. 
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IV.  RESULTS  OF  ANALYSIS 


JIM  particulate  contaminants  data  tor  tlu*  several  operational  sites  are  summarized  in  Tables  2 
through  13.  Lab  sample  numbers,  sample  dates,  and  aireraft/unil  identification  are  self-explanatory. 
Particulate  concentrations  (in  grams  per  thousand  gallons)  have  been  calculated  and  reported  as  the 
oxides  of  the  metals  even  though  the  element  is  determined  by  X-ray  fluorescence.  Reporting  all 
iron  as  Fe20.t,  all  silicon  as  Si02  (quartz),  all  aluminum  as  AljOj,  and  all  calcium  as  C'aO  is  the 
only  possible  way  to  permit  comparison  of  data  to  AV-F-8593B  values. 

Numbers  in  parentheses  (30.0.  4.0.  and  8,0)  at  the  bottom  of  certain  columns  represent  the 
AV-F.-8593B  levels  for  iron  oxides,  silicon  dioxide,  and  “mad  dust"  (see  Table  I ). 


A.  Hood  AAF,  Fort  Hood,  Texas  (1976) 


Prior  to  participating  in  scheduled  Army  field  training  exercises,  AFLRL  personnel  took 
1 I drain  samples  from  aircraft  at  Mood  AAF.  These  aircraft  were  either  used  in  routine  training 
operations  with  Second  Armored  Division  stationed  at  Fort  Hood,  or  were  transient  aircraft  under- 
going periodic  maintenance.  Visual  inspection  and  subsequent  filtration  and  gravimetric  analysis 
(see  Section  III)  showed  contaminant  levels  (see  Table  2)  for  all  samples  to  be  lower  than 
AV-F-8593B  levels,  so  no  cascade  nitrations  were  performed.  This  was  intended  as  a field/lab 
familiarization  exercise  as  well  as  to  provide  initial  data. 

All  aircraft  samples  were  taken  at  belly  sump  drain  points,  since  sampling  from  other  points  in 
the  aircraft  would  have  entailed  disassembly  of  internal  fuel  system  components  and  consequent 
interruption  of  the  air  support  mission.  All  sump  samples*  actually  represent  maximum  particulate 
contamination  accumulated  between  preflight  or  maintenance  sump  drain  operations. 


B.  Oak  Grove  AAF,  Solid  Shield,  Fort  Bragg,  North  Carolina  (1976) 


In  this  first  sampling  from  a formal  exercise,  relatively  low  contamination  was  found  in 
26  samples  from  active  aircraft  and  3 samples  from  nozzle  and  bladder/sump  drains  at  the  fixed  fuel 
point  at  Oak  Grove  AAF  (see  Table  3).  For  this  reason,  no  cascade  filtration  was  performed. 


C.  New  Mexico  ANG  Training  Exercise,  Biggs  AAF  (1976) 

Three  samples  in  Table  4 (6466,  6476,  and  6486)  had  such  high  contaminant  concentrations 
that  cascade  filtration  was  indicated.  Data  for  this  analysis  are  given  in  Table  5.  These  three  samples 
were  collected  from  the  Biggs  (Fort  Bliss)  AAF  underground  fuel  storage  complex*  Samples  6466 
and  6476  were  obtained  with  a sampling  thief  from  tanks  three  and  five,  approximately  I inch 
above  each  tank  bottom.  All  tanks  had  been  cleaned  and  filter  elements  changed  February  1976, 
some  90  to  120  days  prior  to  AFLRL  sampling.  Sample  6486  was  taken  immediately  downstream 
of  the  filtration  system  serving  tanks  3 and  4 jointly.  Note  that  tanks  4 and  6 center  samples  (6471 , 
6481)  had  far  less  contaminant’'  as  compared  to  the  other  samples  in  Table  5.  but  still  had  quite 
high  levels  as  compared  to  most  aircraft  samples.  The  sample  taken  immediately  downstream  of  the 
joint  tank  5/6  filtration  system  (6493,  Table  4)  showed  virtually  no  contamination. 


*l.r  left  forward;  Kl-  npu  forward;  Lit  loll  tear:  RR  ripht  tear.  I.M  left  main;  RM  right  main;  I-  forward.  A alt. 
i Under  control  of  Directorate  of  Industrial  Operations  Petroleum,  Oils,  l.uhrienuts  (DIO-I’OL). 
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Contaminant  concentration  for  the  five  extreme  cases  (Table  5)  are  expressed  in 
g/1000  gallons  for  consistent  comparison  to  the  preceding  tables,  and  particle  size  distribution  in 
micrometers  (/am)*  has  been  determined  by  gravimetric  and  X-ray  fluorescence  analyses  which  give 
net  particulate  mass  and  predominant  elements,  respectively,  Determination  of  compound  class 
from  element  distribution  was  quite  straightforward.  For  sample  6466,  iron  compounds  comprised 
99  to  100  percent  of  the  mass  down  to  300  ^in,  and  comprised  80  to  90  percent  thereafter  to  8 pm. 
The  balance  was  silicon,  and  subsequent  X-ray  diffraction  analysis  confirmed  that  all  iron  was 
present  as  Fe2Os,  Fe304  , or  FeO(OH)  and  all  silicon  as  Si02 . The  same  was  true  lor  sample  6486, 
except  that  more  Si02  was  present  in  the  8-  to  500-^m  range.  Sample  6486  hud,  in  addition  to  iron 
oxides  and  quartz,  significant  amounts  of  calcium  and  aluminum.  Again.  X-ray  diffraction  con- 
firmed these  elements  to  be  present  as  calcium  aluminum  silicates  (Ca  Al2  Si20B ),  a claylike  mate- 
rial indigenous  to  the  southwest  United  Stales. 


Table  6 presents  particulate  distribution  data  for  the  four  aircraft  having  highest  contaminant 
levels  from  the  Fort  Bliss  (Biggs  AAF)  operation.  No  mass  distribution  data  could  be  obtained  for 
samples  6487  or  6492  since  all  particulate  matter  was  captured  on  8-  and  0.45-/um  filters  and 
consumed  for  X-ray  diffraction  analysis  to  determine  compound  class  distribution,  It  is  significant 
that  Hie  values  for  these  samples  approached  specification  levels  and  came  from  aircraft  having 
recently  completed  several  NOli  missions  over  desert  terrain. 

D.  BRAVE  SHIELD  XIV  (1976) 


All  samples  for  BRAVE  SHIELD  XIV  were  taken  at  the  single  fixed  refueling  point  at  Yakima 
Firing  Range,  Washington.  Data  are  given  in  Table  7.  Again,  contaminant  levels  for  23  samples  from 
aircraft  belly  drains  and  3 samples  from  refueling  trucks  were  found  to  be  below  specification  levels. 
For  this  reason,  no  subsequent  gravimetric  analysis  was  deemed  necessary. 

E.  REFORGER,  Germany  (1976) 

Advanced  coordination  with  USAREUR  resulted  in  an  AFLRL  staff  member  participating  in 
this  OCONUS  exercise.  Some  38  aircraft  bellydrain  samples  (see  Table  8)  were  taken  at  several 
aircraft  deployment  positions.  In  addition,  numerous  samples  were  taken  upstream  and  downstream 
of  individual  bladder-filtration  units  and  at  exit  nozzle  points.  Since  one  of  tin*  points  of  supply 
prior  to  the  hardpoint  refueling  stations  was  a railroad  tank  ear.  it  was  possible  to  obtain  samples 
from  the  tank  car  itself  and  after  filtration  through  the  discharge  filter  separator.  Sample  6600 
shows  a total  nonferrous  oxide  level  of  16.566.  Of  this  quantity.  15.806  was  found  to  be  composed 
of  a silicon  compound.  This  was  attributable  to  a single  tuft  of  inorganic  material,  and  cascade 
filtration  was  therefore  not  required.  The  source  of  the  tuft  remains  unknown;  it  was  downstream 
of  the  filter  separator.  It  is  quite  likely  that  subsequent  filtration  would  have  removed  this  item 
from  the  fuel  flowstream. 


Three  aircraft  samples,  6594,  6603.  and  6614.  were  found  to  have  sufficiently  high  particulate 
concentrations  to  warrant  cascade  filtration  and  subsequent  X-ray  difraction  analysis  for  compound 
class.  These  arc  given  in  Tabic  9.  For  sample  6594  (AH-1G  No.  70-16045),  it  was  found  that  iron 
oxide  particulates  were  distributed  across  the  total  range  of  filter  porosities.  Quartz  and  calcium 
silicates  took  the  form  of  rather  fine  particles  in  the  8-  to  52-jum  range  while  zinc  compounds  (likely 
from  paint)  were  in  rather  large  chips  of  sizes  in  excess  of  1000  qm.  For  6603  (OH-58A 
No.  71-20497),  enormous  quantities  of  iron  oxides  and  zinc  compounds  of  relatively  large  particle 


* Commonly  referred  to  as  microns  (m)- 
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TABU:  5.  PARTICULATE  SIZE.  MASS,  AND  CLASS  DISTRIBUTION 
TOR  BIOOS  AAF  UNDERGROUND  STORAGE  TANK  SAMPLES 


Sample 

no. 

Compound 

class 

Estimated  particulate  concentration,  g/IOOO  gal  ) 

Location 

>1(100 

m\\ 

500-1000 

Min 

300-500 

jim 

102-300 

Min 

52*102 

MW 

8*26 

Min 

0.45-8 

Min 

Toml 

6466 

Biggs  AAK  DIO-POL 
Tank  3 Hollows 

Iron  oxides” 
Quart?.*1 

203 

Nil 

loo 

Nil 

58 

Nil 

96 

8 

97 

8 

B 

i 

Nil 

Nil 

i 

6476 

Iron  oxides” 
Quart/*5 

991 

Nil 

270 

Nil 

i 

■a 

196 

37 

m 

Biggs  AAF  DIO-POI. 

Iron  oxides11 

Nil 

Nil 

135 

■I 

Nil 

Nil 

Nil 

144 

6486 

N u/7 Ic  Downstream 

Ouart/.*5 

142 

287 

203 

smi 

Nil 

Nil 

Nil 

674 

of  Tank  3/4  Killer 

Calcium 

silicates1 

9 

19 

13 

■ 

Nil 

Nil 

Nil 

44 

Biggs  AAF  DIO  POL 

Iron  oxule:;a 

mm 

TO 

TO 

TO 

n 

n 

M 

n 

1 

64  71 

Center  of  Tank  4 

Qt»url/b 

Calcium 

H 

H 

H 

TO 

H 

H 

H 

2 

silicates'’ 

1 

i 

■ 

1 

i 

H 

i 

1 

Biggs  AAF  DIO-POL 

Iron  oxides'1 

TO 

TO 

TO 

TO 

m 

8 

n 

8 

6481 

Center  of  Tank  6 

Ouari7.b 

Calcium 

iH 

H 

TO 

H 

II 

2 

H 

2 

silicates0 

i 

1 

1 

1 

1 

i 

1 

“As  Fe,0,. 

I As  SIO,  (a-quart/). 

|°As  CaAl,  SijO,. 

“All  particulate  matter  collected  on  8-ym  filter  and  consumed  during  XRb  analysis. 


TABLE  6.  PARTICULATE  SIZE,  MASS,  AND  CLASS  DISTRIBUTION 
FOR  BIOOS  AAF  REFUELED  AIRCRAFT  SAMPLES 


TO 

Aircraft 

(unit) 

Compound 

class 

>1000 

Min 

500-1000 

ym 

300*500 

Min 

102-300 

Min 

52-102 

Min 

8-26 

Min 

0.45-8 

Min 

Total 

L 

m 

1 ron  oxides5* 

Nil 

mgm 

m 

Nil 

m 

Nil 

Nil 

9 

Quart/.1’ 

Nil 

■SH 

B3 

TO 

0.15 

m 

Nil 

Nil 

TO 

6499 

All-IG.  70-15953“ 

Iron  oxides5* 

Nil 

1 

0.20 

0.02 

TO 

pflW 

9 

(3rd  AirCav) 

Quart/0 

Nil 

mm 

1.10 

0.40 

TO 

KB 

wsSm 

AH-IG.  7l-20984b 

Iron  oxides5* 

D 

■ 

TO 

TO 

I | 

TO 

6487 

(3rd  Air  Cav) 

Quart/0 

Calcium 

H 

TO 

TO 

TO 

TO 

g 

mm 

H 

silicates' 

■ 

1 

1 

■ ■ 

g 

■ 

All-IG,  71-20984° 

Iron  oxides5* 

■ 

BHH 

TO 

■ 

B 

0.57 

6492 

(3rd  Air  Cuv) 

Quart/0 

Calcium 

1 

TO 

TO 

TO 

TO 

H 

M 

2.27 

silicate/ 

l 

TO 

■ 

0.95 

0.95 

“Front  Drain. 
bAt'l  Drain. 

“Front  Drain. 

“As  Fo,Oj. 

“’As  SiOj  (a-Quurt?.). 

1 As  CaAl, Si,  0,. 

^All  particulate  matter  collected  on  8-ym  filter  and  consumed  during  XRD  analysis. 
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Particulate  Concentration, g/ 1000  gal. 


Votes.'  Numbers  in  parentheses  are  designated  concentration  tg.  Ifj00eati>  tor  specific  constituents  *»t  AV-I.-S593B  fluid. 
bCaIcufa«cd  as  Fe2  Oj , StO, , A1  > 03  +■  C’aO. 
a All  particulate  matter  less  than  1 0 pm. 
cTotaI  Non- Ferrous  Oxides  = StOa  + Afa  O,  +■  CaO. 

^Nil- Below  tower  limit  of  resolution  by  X-Ray  Fluorescence  (<9.0<>I  g'1000  gilt. 


TABLE  8.  JP-4  PARTICULATE  CONTAMINANT  CONCENTRATIONS  FOR  REFORGER 


Aircraft 

type 


Purtieulatc  Concentration,  g/ 1 000  gal,u 


Tiittil  Total 

Non-Ferrous  Partlcultiic 
Oxides1'  Contaminants 


71-20142 
71-20142 
74-22359 
74-22359 
69-15369 
69-15369 
69-15754 

69- 15754 
73-21709 
73-21709 

70- 15798 
66-19135 

66- 19135 

67- 15721 
70-16045 
70-15238 

68- 16977 


CII-47B 

CIM7B 

All- IC> 

AH-IC 

OII-58A 

OII-5BA 


, 5th  Trans  Hit 
, 5th  Trans  Bn 
, 5th  Trans  Bn 
, 5th  Trans  Bn 
, 5th  Trans  Bn 
, 5th  Trans  Bn 
. 5th  Trans  Bn 
, 5th  Trans  Bn 
. 5th  Trans  Bn 
. 5 th  Trans  Bn 
, 5th  Trans  Bn 
, 5th  Trans  Bn 
. 5th  Trails  Bn 
. 5th  Trails  III! 
. 5 ill  Trans  Hn 
, 5 th  Trans  Hn 
, 5th  Trans  Bn 


"D  Co,  426  S&S  Hn 
“0” Co.  426  S&S  Un 
“ir  Co,  426  S&S  Hn 
“D"  Co,  426  S&S  Hn 


70-15561 

72-21405 


71-20497 

70-15172 

70-15771 

70-15771 

NK02VN 


68-15755 

68-15755 

73-21770 

73-21770 


74-22329 

74-22329 

65-12773 

65-12773 

69-17126 

69- 17126 

70- 15127 


Railway 
tank  ear 
Railway 
lank  car 


OII-58A 

OH-58A 


O 

0 

U 

U 

T: 


175  Av  Co,  1st  Arm  Oiv 
175  Av  Co,  1st  Arm  ITiv 


25  AvCo,  VII  Corps 
25  AvCo,  VII  Corps 
25  AvCo,  VII  Corps 
25  AvCo,  VII  Corps 
25  Av  Co,  VII  Corps 


0.1  14 

Nil 

Nil 

0.070 

0.095 

Nil 

Nil 

Nil 

(1.096 

0.141 

Nil 

Nil 

Nil 

Nil 

Ull-lll 

UH-lll 

Ull-lll 

Ull-lll 

CII-47C 

CII-47C 

OII-S8A 


OII-58A 

A1I-1G 


30th  Trans  Co 
30th  Trans  Co 
30th  Trans  Co 
30th  Trans  Co 
30th  Trans  Co 
30lh  Trans  Co 
30th  Trans  Co 


"B"  Troop  2/17  Cav 
“C"  Troop  2/17  Cav 


I sms  ■nnsi  inRn  Vmim 


0.332  1.153  0.746  0.364  2.264 

1.464  5.433  0.849  0.568  6.850 

0.093  Nil  Nil  0.054  0.054 

1.523  2.468  1.501  0.485  4.455 

High  Particulate  Concentration.  Sec  Table  9 
I 


Notes:  Numbers  in  parentheses  arc  designated  concentration  (g/1000  gal)  for  specific  constituents  of  AV-E-8593B  fluid. 
^Calculated  as  h'c,Oj , SiO, . AI,Oj  + CaO. 
a All  particulate  matter  less  than  10  urn. 


Total  Non-Ferrous  Oxides ! 


Al,0,  + CaO. 


J Nil  - Below  lower  limit  of  resolution  by  X-Ray  Fluorescence  (<0.001  g/1000  gal). 
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si/c  were  found.  These  were  likely  from  fuel  system  rust  unci  ingested  paint  compounds.  For  sample 
6614  (AH-K’r  No.  71-21031).  contamination  stemmed  both  from  iron  oxides  and  quartz.  The 
uniform  distribution  of  both  contaminants  indicates  that  the  source  would  be  both  fuel  system  rust 
and  clay  or  sand-like  materials  ingested  into  the  fuel  system  during  refueling  or  maintenance 
operations. 

F.  BRAVE  SHIELD  XV,  Eglin  AFB,  Florida  (1976) 

Thirty  aircraft  belly-drain  samples  were  taken  and  two  samples  from  tank  trucks  used  to  refuel 
these  same  aircraft  (see  Table  10).  In  this  operation,  lour  individual  aircraft  (samples  6604,6665, 
6666,  and  6667)  were  found  to  have  significant  particulate  contamination  and  were  cascade 
filtered.  Data  for  these  four  aircraft  are  given  in  Table  II.  For  sample  6664  (OH-S8A 
No.  70-1  5613),  the  dominant  contaminating  material  was  quartz,  the  likely  source  being  sand 
ingested  during  refueling  or  maintenance  operations.  Although  contamination  was  somewhat  less 
for  the  other  three  samples,  the  dominat  on  of  quartz  is  still  apparent  and  is  not  surprising  because 
of  the  location  of  this  exercise. 

G.  GALLANT  CREW,  Fort  Hood,  Texas  (1977) 

Two  of  the  32  aircraft  belly-drain  samples  for  this  exercise  required  cascade  filtration  (see 
Table  12).  At  least  three  other  samples  (6897,  6898.  and  6901)  had  total  nonferrous  oxide  con- 
tamination at  a level  to  warrant  cascade  filtration,  but  since  no  Tyndall  Cone  effect  was  observed, 
this  could  not  be  ascertained  until  after  initial  filtration.  For  sample  6895  (CI1-47C  No.  70-1  5008), 
principal  contamination  stemmed  from  both  quartz  and  calcium  silicates,  indicating  a mixture  of 
sand  and  clay  front  outside  sources  (see  Table  13).  To  a lesser  degree  iron  oxides  were  present,  again 
likely  from  fuel  system  rust.  Sample  6914  (OH-47C  No.  70-15019)  had  roughly  the  same  relative 
distribution  of  quartz,  calcium  silicates,  and  iron  oxides,  although  at  a considerably  lower  level. 
Such  clay-sand  mixtures  are  indigenous  to  the  Fort  Hood  area. 


i 


22 


Particulate  Concentration.  ir/1000  gal.‘ 
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V.  DISCUSSION 


- From  the  preceding  data,  it  can  be  seen  that  (a)  the  vast  majority  of  all  aircraft  sump  drain 
samples  contain  nowhere  near  the  concentration  of  the  particulates  specified  by  AV-E-8593B,  but 
(b)  an  unexpectedly  high  number  of  aircraft  samples  (roughly  7 percent)  plus  numerous  points  in 
the  refueling  systems  showed  concentrations  far  exceeding  those  specified  for  this  package.  The  fact 
that  drain  samples  taken  from  operational  Army  aircraft  contained  concentrations  of  the  same 
order  as  a test  contaminant  package  criticized  for  its  severity  must  be  placed  into  proper  perspec- 
tive. These  samples  were  (a)  taken  from  the  lowest  point  in  the  aircraft  fuel  systems,  (b)  upstream 
of  on-board  aircraft  fuel  filtration  elements,  (c)  cumulative  in  the  sense  that  most  residual 
particulate  matter  will  settle  to  the  drain  area  over  a period  of  time,  and  (d)  calculated  as  oxides  of 
the  elements  identified  (Fe20, , Si02 , Al20.(.  CaO)  as  opposed  to  costly  quantitative  analysis 
required  for  identification  of  clay-like  compounds. 

For  the  above  reasons,  the  data  as  presented  represent  a worst  possible  case  with  respect  to 
comparison  to  specification  values.  It  can  be  properly  argued  as  to  whether  any  of  the  contaminants 
as  identified  by  sump  drain  would  pass  through  on-board  filtration  systems  and,  even  if  this 
occurred,  would  result  in  significant,  cumulative  damage  to  the  powerplant  system,  it  must  be 
presumed  that  such  abrasive  contaminants  as  quartz  (Si02)  could  cause  significant  fuel  pump  wear, 
malfunction  of  close-tolerance  servo-valves,  and  degradation/failure  of  miniature  bearings.  The 
effect  of  less  abrasive  calcium  aluminum  silicates  (clays)  must  be  assumed  to  be  minor  with 
respect  to  wear  and  abrasion,  but  would  contribute  to  degradation  of  precision  components.  Iron 
oxides  are  relatively  less  abrasive  than  quartz  but  could  contribute  to  wear  and  system  malfunction. 

Probably  the  most  important  fact  uncovered  by  this  investigation  is  that  significant  quantities 
of  the  exact  elements  and  compounds  as  specified  in  AV-E-8593B  were,  in  fact,  found  in  on-board 
aircraft  fuel  systems  even  though  this  fuel  had  been  subjected  to  the  extensive  upstream  filtration 
prescribed  for  Army  aviation  fuel  supply. 
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VI.  ARIZONA  ROAD  DUST  COMPOSITION 
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Coarse  Arizona  Road  Dust  (A.C.  Spark  Plug  Co.  Part  No.  1543637)  is  a component  in  the  fuel 
contamination  package  used  to  meet  AV-E-85l)3B  specifications  (see  Table  1).  This  dust  has 
traditionally  been  reported  to  be  composed  of: 

4 t \%  Fcj 03 
68  ± 1%  Si02 
16  ± 1%  Al:Oj 
3 t I % CaO 
I ± 1%  MgO 

Since  several  field  samples  had  been  found  to  contain  both  the  above  compounds  and  more 
complex  clay-like  materials,  a separate  study  on  Arizona  Road  Dust  composition  was  undertaken. 
Different  batches  of  AC  dust  were  obtained  and  analyzed  by  X-ray  fluorescence  spectroscopy.  The 
results  obtained  are  compiled  in  Table  14. 

One  batch  (Lot  No.  C-306)  was  separated  by  particle  size,  and  each  particle  range  analyzed  by 
X-ray  fluorescence  fen  elemental  content.  These  results  are  shown  in  Table  15. 

X-ray  diffraction  data  for  mineralogical  species  was  also  obtained  on  Lot  C-306.  The  diffrac- 
tion data  and  the  X-ray  fluorescence  data  permitted  the  calculation  of  minerological  composition. 
The  results  showed  the  lest  dust  to  be  composed  of: 

72%Ca(Mg).2j  Na.77  AISi2 .7  7 C*8  fa  plagiocluse  feldspar), 

20%  Si02  (cf-quartz).  and 
8%  Fe30j  (magnetite). 


TABU;  14.  x-ray  i luori:.sci;nci;  ANALYSIS  or  VARIOUS  LOTS  or  AC  ti;st  DUST 


Lol  No. 

% Al 

%SI 

% Ca 

% Ti 

% l-v 

Remarks 

r-049 

6 8 

26  8 

OK 

0.3 

2.0 

l:  indicates  "I'mc" 

r-i38 

7.7 

30.1 

0.8 

0.2 

2.1 

C-306 

6.9 

29  4 

1 2 

0.3 

2.2 

0 indicates  “coarse'' 

C-349 

7.8 

32.0 

l.l 

0.3 

2.2 

0-362 

6.9 

28  0 

1.1 

0.3 

2.2 

C-364 

f>.K 

27.9 

1.0 

0.3 

2.2 

0-387 

6.8 

28  4 

0.8 

0.2 

1.8 

Mean 

mum 

28.9 

1.0 

0.3 

2,1 

As  Oxides 

61.8 

1.4 

0.4 

3.0 

Reported  values 

ESI 

68  t 1 

3 1 1 

Nol  reported 

4 i I 

tabu;  is.  x-ray  analysis  or  various  sized  particles 

or  AC  TEST  DUST.  LOT  NO.  C-306 


Particle 
Size,  /i  m 

% 

Sample 

% Al 

O 

% La 

m 

% l-c 

Remarks 

>500 

500-300 

0.3 

0.3 

Insufficient  sample 
insufficient  sample 

300-102 

18.0 

4.4 

I8.H 

1 0 

0.3 

1.8 

102-53 

40.4 

5.2 

21.11 

(U 

1 6 

52-26 

26.0 

5.7 

25  6 

l.l 

1.5 

<26 

15.0 

100.0 

3.8 

17  9 
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To  verity  this  com  posit  iontil  conclusion,  .1  sample  of  the  2(>-  to  5 J-juin  sized  lest  dust  from  Lot 
No.  C-306  was  examined  muter  a scanning  elect mn  microscope  (SFM).  file  total  image  is  shown  in 
Figure  7.  The  crystallographic  form  of  the  almost  rectangular  particle  in  the  upper  right  quadrant 
appears  to  he  different  from  that  of  the  olliei  large  particles.  In  the  SFM  process.  X-rays  are  emitted 
from  all  areas  of  the  sample.  These  X-rays  may  he  analyzed  for  energy  distribution,  and  the  sample 
can  be  mapped  lor  elemental  content.  Such  element  maps  were  obtained  for  silicon  and  aluminum. 
The  map  for  silicon  indicated  that  all  particles  contained  silicon.  However,  the  map  for  aluminum 
showed  that  the  previously  mentioned  particle  in  the  tippet  right  quadrant  contained  far  greater 
amounts  of  aluminum  than  tit)  the  oilier  particles.  This  indicates  that  this  particle  contains  both 
silicon  and  aluminum  ami  is  chemically  different  froi.:  the  other  panicles  in  Figure  7 which  are 
quart/..  This  supports  the  X-ray  diffraction  data  which  indicate  a mixtuie  of  mineral  types  present 
in  the  test  dust. 

The  conclusions  drawn  from  this  study  are  that: 

(I)  the  A.C.  Test  Dust  is  relatively  uniform  in  composition  over  the  various  particle  size 
ranges  examined,  ond 

(.2)  that  A.C.  lest  Dust  is  not  a mixture  of  metal  oxides  as  commonly  believed  but  is  a 
mixture  of  three  mineral  species. 

These  mineral  species  (quartz,  plagioelase.  and  magnetite ) have  significantly  different  properties  both 
from  011c  another  and  from  the  properties  of  the  metal  oxides  typically  listed.  These  mineral  species 
are.  in  two  out  of  three  eases  (quart/  and  magnetite),  redundant  with  other  components  of  the  fuel 
contaminant  package  for  AV-l--<SSl>dl)  engine  component  qualification  testing.  The  plagioelase  com- 
ponent is  soft  and  would  not  abrade  the  ferrous  metals  in  .1  fuel  system  as  would  quartz.  The  plugio- 
clase  thus  contributes  no  severity  to  the  test.  Asa  result. the  A.C,  Test  Dust  really  contributes  noth- 
ing to  the  test  that  the  other  components  of  the  test  package  do  not  already  accomplish. 

It  is  interesting  to  note  that  X-ray  diffraction  studies  of  several  selected  samples  obtained  in  the 
field  from  fuel  tanks  showed  the  material  to  he  similar  in  composition  to  the  test  package  in  that 
oxides  of  iron,  quart/,  and  minerals  in  the  plagioelase  feldspar  family  were  identified  (for  example, 

Si 

I 

I 


see  Tables  5 ami  6),  Therefore,  the  test  package  does  Indeed  resemble  the  types  of  contaminants 
found  in  the  field  but  is  redundant  in  some  of  its  components  and  contains  some  material  which 
would  not  stress  a candidate  gas  turbine  engine  component, 


VII.  CONCLUSIONS 


Specific  conclusions  which  can  be  derived  from  this  program  are: 

(1)  The  same  contaminants  as  specified  in  AV-E-8593B  are  encountered  in  field  Army 
aviation  operations. 

(2)  These  contaminants  are  encountered  at  levels  approaching  or  exceeding  AV-E-8593B  in  a 
disproportionately  high  incidence. 

(3)  For  the  above  reasons,  the  contaminant  package  in  AV-E-8593B  is  valid  for  the  purpose 
of  accelerated  qualification  testing  of  fuel  system  components. 

It  should  be  noted  and  emphasized  that  all  the  aircraft  included  in  this  program  had  been 
operating  satisfactorily,  probably  due  to  on-board  fuel  filtration  systems.  The  utilization  of  this 
contaminant  package  for  test  fluids  in  AV-E-8593B  has  undoubtedly  benefited  Army  aviation  flight 
safety  and  maintenance. 
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APPENDIX  A-1 

CASCADE  FILTRATION  PHOTOMICROGRAPHS 
SAMPLE  NO.  6466 

Biggs  AAF  Tank  3 Bottoms 
(See  Table  5) 
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APPENDIX  A-2 

CASCADE  FILTRATION  PHOTOMICROGRAPHS 
SAMPLE  NO.  6476 

Biggs  AAF  Tank  5 Bottoms 
(See  Table  5) 
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APPENDIX  A-3 

CASCADE  FILTRATION  PHOTOMICROGRAPHS 
SAMPLE  NO.  6486 

Biggs  AAF  Tanks  3/4  Nozzle  (After  Filter) 

(See  Table  5) 


APPENDIX  A -4 

8-/im  FILTRATION  PHOTOMICROGRAPHS 
SAMPLE  NO.  6471 

(Center  of  Tank  4} 
and 

SAMPLE  NO.  6481 

(Center  of  Tank  6) 


Biggs  AAF 
(See  Table  5) 
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APPENDIX  A-6 

CASCADE  FILTRATION  PHOTOMICROGRAPHS 
SAMPLE  NO.  6499 

AH-1G,  70-15953 
(See  Table  6) 
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APPENDIX  A-7 

8-Mm  FILTRATION  PHOTOMICROGRAPHS 
SAMPLE  NO.  6487 

(AH-1G,  71-20984  Aft  Drain) 
and 

SAMPLE  NO.  6492 
(AH-1G,  71-20984  Front  Drain) 

Biggs  AAF 
(See  Table  6) 
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APPENDIX  B 

FILTRATION  PHOTOMICROGRAPHS  FOR  OPERATION  REFORGER 
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APPENDIX  B-1 

CASCADE  FILTRATION  PHOTOMICROGRAPHS 
SAMPLE  NO.  6594 

AH-1G,  70-16046  Front  Drain 
(See  Table  9) 
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APPENDIX  B-2 

CASCADE  FILTRATION  PHOTOMICROGRAPHS 
SAMPLE  NO.  6603 


OH-58A,  71-20497 
(See  Table  9) 


APPENDIX  B-3 

CASCADE  FILTRATION  PHOTOMICROGRAPHS 
SAMPLE  NO.  6614 

AH-1G,  71-21031  Front  Drain 
(See  Table  9} 


SAMPLE  6578 
UH-1H,  71-20142  (LF) 


SAMPLE  6580 
AH-1G,  67-15721  (F) 


SAMPLE  6621 
CH-47C,  69-17126  (LF) 


SAMPLE  6622 
CH-47C,  69-17126  (RF) 


APPENDIX  B-5 

8-Mm  FILTRATION  PHOTOMICROGRAPHS 
REFORGER-FUEL  SUPPLY  POINTS 


(See  Table  S) 
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(at  filter  separator  after  filtration) 
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SAMPLE  6600 

Railway  Ta  >k  Cai,  00/  0 323  9P 
(at  filtei  sepai ator  after  filtration) 
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APPENDIX  C-1 

8/um  FILTRATION  PHOTOMICROGRAPHS 
BRAVE  SHIELD  XIV-AIRCRAPT 

(See  Table  7) 
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SAMPLE  6B49 
OH-58A,  71-20444 


SAMPLE  6550 
OH-58A.  71-21087 


ii4jUaWftui>iiiui»y  kuiuiUii  uiiuii  ii  iuMfllH  AiUikillhiiUltiJIULUllJIlriyii 


8ju  4X 

SAMPLE  6562 
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SAMPLE  6563 
UH-1H,  65-9967  (LF) 
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SAMPLE  6565 
OH-58A,  70-15311 


SAMPLE  6567 
UH-1H,  73-21786  (LF) 
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l APPENDIX  C-2 

t 8-pm  FILTRATION  PHOTOMICROGRAPHS 

i BRAVE  SHIELD  XIV--TANK  TRUCKS 

s (See  Table  7) 
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Truck  No.  2 
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SAMPLE  6566 
Truck  No.  3 
(Nozzle  Sample) 
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APPENDIX  D 

FILTRATION  PHOTOMICROGRAPHS  FOR  OPERATION  BRAVE  SHIELD  XV 
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APPENDIX  D-2 
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OH-58A,  72-21194 
(See  Table  1 1 ) 
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APPENDIX  D-4 

CASCADE  FILTRATION  PHOTOMICROGRAPHS 
SAMPLE  NO.  6667 

OH-58A,  69-16096 
(See  Table  11) 
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APPENDIX  D-5 

8/jm  FILTRATION  PHOTOMICROGRAPHS 
BRAVE  SHIELD  XV-AIRCRAFT 

(See  Table  10) 
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UH-1H,  70-16293  (RF) 
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SAMPLE  6644 
UH-1H,  70-16472  (LF) 
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APPENDIX  D-6 

8-*im  FILTRATION  PHOTOMICROGRAPHS 
BRAVE  SHIELD  XV-TANK  TRUCKS 


(See  Table  10) 
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I APPENDIX  E-1 

( CASCADE  FILTRATION  PHOTOMICROGRAPHS 

SAMPLE  NO,  6895 

| CH-47C,  70-15008  Left  Front  Drain 

j (See  Table  13) 
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APPENDIX  E-2 

CASCADE  FILTRATION  PHOTOMICROGRAPHS 
SAMPLE  NO.  6914 

CH-47C,  70-15019  Right  Front  Drain 
(See  Table  13) 
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